Objectives: To determine symptoms and findings in patients with dysphagia related to epiglottic dysfunction. To analyze outcomes in patients who underwent partial epiglottidectomy due to dysphagia related to epiglottic dysfunction.
INTRODUCTION
Dysphagia is a common and important complaint in head and neck cancer patients who are treated with radiation therapy, with or without addition of chemotherapy. 1 Although estimates vary, the addition of chemotherapy to radiation therapy may increase the incidence of dysphagia by nearly a factor of three, from 9% to 23%. 2 In fact, as many as 51% of patients may be gastrostomy tube-dependent 2 years after completion of hyperfractionated radiotherapy with concurrent chemotherapy. 3 Not surprisingly, dysphagia has a markedly detrimental impact upon these patients' quality of life. 4, 5 A normal functional swallow is a complex process that incorporates oral, pharyngeal, and esophageal phases. The tongue, larynx, pharynx, and esophagus, therefore, all play important roles. They are interconnected by intricate neuromuscular coordination, both voluntary and involuntary. Chemoradiotherapy can affect the swallowing process at one or more of these steps. 6 For example, reduced tongue base contraction, hyolaryngeal range of motion, and upper esophageal sphincter opening can result in increased pharyngeal residue, which may lead to increased aspiration. 7 Chemoradiation therapy is also associated with pharyngeal and esophageal strictures in up to 46% of patients, requiring multiple endoscopies with dilation for treatment of the stenoses. [8] [9] [10] Although the typical anatomical changes in the appearance of the epiglottis following radiotherapy are familiar to the head and neck endoscopist, only sporadic mention of this is found in the literature. 11 Nonetheless, a dysfunctional epiglottis is not an uncommon finding in irradiated head and neck cancer patients, and the coexistence of a dysfunctional epiglottis in patients with dysphagia has been well described, often in association with aspiration. [11] [12] [13] Garon et al., in particular, described the presence of vallecular (and to a lesser extent, pyriform sinus) stasis of food as a strong indicator of abnormal epiglottic movement patterns and dysfunction. Nasal backflow was also described as an indicator of epiglottic dysfunction. However, the authors simply pointed out that the epiglottic dysfunction itself contributed to dysphagia, but they stopped short of suggesting possible treatment options.
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In reviewing our own post-treatment head and neck cancer population, we have noticed a common finding of a stiff and thickened epiglottis on endoscopic evaluation, which also typically correlated with a lack of normal epiglottic deflection on modified barium swallow study (MBSS) (Fig. 1) . We noted that this dysfunction results in an inefficient pharyngeal phase of swallow, with excessive vallecular residue that is difficult to clear, even with behavioral maneuvers. We became interested in treating the obstructive nature of the dysfunctional epiglottis and began performing partial epiglottidectomies in an effort to improve swallow efficiency in this otherwise recalcitrant dysphagia condition. Given the long, controversial history in the literature regarding the role of the epiglottis in a normal functional swallow, we performed a retrospective review of an initial series of patients who underwent partial epiglottidectomy as part of their dysphagia management. 14 The purpose of this report was to describe our preliminary experience and results in a small group of patients. Additionally, we identified patient factors that increase the likelihood of surgical success. We provided novel information on a therapeutic modality that could be included in the armamentarium of interventions available to the dysphagia specialist in the management epiglottic dysfunction after chemoradiation therapy for head and neck cancer.
MATERIALS AND METHODS
This retrospective study was approved by the internal review board of the University of California, Los Angeles. Medical records were reviewed to identify all consecutive patients with dysphagia who underwent epiglottidectomy during a 14-month period. Criteria for inclusion in the study were: history of treatment with radiation therapy for head and neck cancer and documentation of pre-and postoperative MBSS. Criteria for exclusion were: evidence of ongoing cancer based on pathology and lack of upper esophageal sphincter (UES) opening.
Preoperative laryngeal endoscopies were reviewed to assess the epiglottic to pharyngeal diameter ratios because of the traditional observation of a thickened epiglottis in the irradiated patient, and due to the presumption that an epiglottis that occupies a greater pharyngeal area will cause increased obstruction to passage of the food bolus, especially when it does not deflect in a functional manner. To assess these diameters, a still image of laryngeal videoendoscopy, taken while the subject was breathing comfortably at rest, was used. Epiglottic diameter was measured as the distance from the posterior-most aspect of the tongue base to the posterior-most aspect of the epiglottis in the midline. Pharyngeal diameter was measured in the same anterior to posterior line, and measured as the distance from the posterior-most position of the tongue base to the posterior pharyngeal wall. The calculated ratio (epiglottic diameter over the pharyngeal diameter) was used to determine the relative pharyngeal area occupied by the epiglottis at the oropharyngeal level. As comparable standardized measurements were not available in the literature, the same calculation was performed for age-matched controls (one control for each Epiglottic diameter is measured from A to B. Pharyngeal diameter is measured from A to C. The epiglottic diameter is divided by the pharyngeal diameter and converted to a percentage to represent the EP ratio. subject) without a history of cancer or irradiation who were seen in our voice clinic for benign laryngopharyngeal pathology (e.g., vocal fold lesions, pharyngitis) (Fig. 2) . These calculations were similarly performed using still images acquired during office endoscopy.
Preoperative and postoperative MBSSs were compared to assess for the following: 1) pharyngeal phase time, defined as the time taken from initiation of the pharyngeal phase (bolus entering the pharynx) until cessation of volitional bolus clearance; 2) presence or absence of tongue base contact with the posterior pharyngeal wall as an indicator of driving force, evidenced by lack of an air or contrast column between these two structures at the height of the swallow; 3) amount of vallecular residue after the first swallow, as an indicator of the amount of obstruction provided by the epiglottis; 4) amount of residue in the pyriform sinuses (Table I) ; and 5) degree of penetrationaspiration as defined by Rosenbeck et al. 15 (Table II) . Additionally, the UES was assessed to determine if the opening was sufficiently narrow to obstruct bolus flow, because that would provide another reason for pharyngeal residue. When more than one pre-or postoperative MBSS was available, the final MBSS before surgery and the initial MBSS after surgery were used. Patients served as their own controls (pre-vs. postoperative) in this comparison. A single consistent texture and amount of food was used for each subject to compare pre-and postoperative swallows.
Suprahyoid epiglottidectomy was performed via a transoral approach under general anesthesia. A Dedo (Dedo-Pilling Micro-Laryngoscope, Elmed Corporation, Addison, IL) or Lindholm (Karl Storz, Tuttlingen, Germany) laryngoscope was used for exposure. Carbon dioxide laser via a microscope attachment was used to resect the superior one-third to one-half of the epiglottis. Typically, the resection was halfway between the tip of the epiglottis and the hyoepiglottic ligament. The laser was used at a setting of 6 to 10 W in continuous mode. The epiglottis was bisected in the midline for ease of resection. Any protruding, demucosalized portion of the epiglottic cartilage was gently ablated to prevent necrosis or infection in this area. All patients tolerated the procedure well, and there were no complications in this patient population. Patients were discharged home on the same day on the diet they were previously tolerating.
Office notes and MBSS reports were reviewed to assess the patients' subjective responses to surgery. When available, the following information was recorded: presence or absence of subjective improvement in the swallow, presence or absence of weight loss, and any history of aspiration-related pneumonia.
RESULTS
A total of 12 patients with a diagnosis of dysphagia and a history of head neck cancer underwent epiglottidectomy in the specified time frame. Of these, four did not meet the inclusion and/or exclusion criteria, and one had a very limited preoperative MBSS that could not be objectively compared to his postoperative study.
Of the seven remaining patients, six were male and one was female, with ages ranging from 48 to 77 years. Primary cancer diagnoses fell into one of the following categories: nasopharynx, oropharynx, or unknown primary. All had undergone radiotherapy as part of their definitive treatment. Six of the seven underwent concurrent or adjuvant chemotherapy as well. Two of the seven underwent partial tongue base resection in addition to chemoradiotherapy (Table III) .
Preoperative endoscopies were reviewed to assess the relative pharyngeal diameter occupied by the immobile epiglottis at a pharyngeal rest state by calculating the epiglottic to pharyngeal diameter ratio, as described above (Table IV) . In controls, this diameter ratio ranged from 28% to 40%, with an average of 35%. In irradiated patients, this ranged from 33% to 86%, with an average of 61%. Two radiated patients had epiglottic to pharyngeal diameter ratios that were within the range of the controls. The remaining five patients had ratios of 60% or greater.
MBSSs were evaluated to assess the time needed to clear the bolus through the pharynx (Table V) . Six of the seven studies were performed 2 to 4 weeks after surgery. One was performed 3.5 months after surgery (patient 6). Consistent textures and amounts were used to compare preoperative and postoperative evaluations for individual patients. In four cases, one teaspoon of puree was identified as a consistent challenge in both studies, and therefore used as the standardized bolus. Sips of liquids were used for two patients (patients 3 and 7) with considerable dysphagia who were otherwise gastrostomy tube (G-tube) dependent, and a quarter piece of cookie dipped in puree was used for another (patient 4), as this was a consistent challenge used in both of his evaluations. Using these measures, four out of seven subjects demonstrated a decrease in pharyngeal transit time, Material enters the airway, remains above the vocal folds, and is not ejected from the airway. 4 Material enters the airway, contacts the vocal folds, and is ejected from the airway. 5
Material enters the airway, contacts the vocal folds, and is not ejected from the airway.
6
Material enters the airway, passes below the vocal folds, and is ejected into the larynx or out of the airway.
7
Material enters the airway, passes below the vocal folds, and is not ejected from the trachea despite effort.
8
Material enters the airway, passes below the vocal folds, and no effort is made to eject.
*Rosenbeck et al. 15 ranging from a 23% to 85% reduction. One patient did not demonstrate any change in pharyngeal transit time, and two patients increased transit time by 1 to 2 seconds. The overall change in the time required to clear a bolus through the pharynx showed a 29% decrease. Presence or absence of tongue base contact with the posterior pharyngeal wall was recorded as an indicator of superior pharyngeal driving force compared to patients with absent tongue base-to-posterior pharyngeal wall apposition (Table V) . Preoperatively, four out of the seven demonstrated contact. Postoperatively, this number increased to five out of seven. Of the five who were able to attain tongue base contact with the posterior pharyngeal wall, all but one were able to decrease their pharyngeal transit time. Of the two patients who were not able to make contact, neither improved pharyngeal transit time. Patient 4 demonstrated a 17% increase in transit time despite ability to retract the tongue base to the posterior pharyngeal wall.
The amount of residue in the valleculae and pyriform sinuses was examined postoperatively and compared to preoperative findings (Table VI) . In all but one patient, there was drastic reduction in the amount of residue in the valleculae, with improvements in vallecular residue score ranging from 1 to 5 points, with an average reduction of 3 points; one patient had a thick coating of residue in both studies. Pyriform sinus residue also decreased in three of the five patients who had stasis preoperatively. One patient persisted with a thick coating, and one increased from trace residue (due to complete bolus retention within the valleculae) to considerable residue in the pyriform. The preoperative UES opening for this patient was judged adequate (as was the case for the other patients in this study). Interestingly, the increase in pyriform residue in this patient was in conjunction with resolution of nasal backflow, and his penetration and aspiration rates remained stable. In fact, overall, Rosenbeck grading and frequencies of penetration and aspiration were essentially unchanged postoperatively for five patients, although one patient worsened from a score of 1 to 2 (penetration that was not aspirated), and one improved from a score of 3 to 2.
Records were reviewed to determine whether subjects reported improvement in swallowing postoperatively as well as documentation of weight loss or aspiration pneumonia (Table VII) . Six out of seven (86%) subjects mentioned that deglutition had become easier in the postoperative follow-up visit. The chart did not mention any subjective patient report regarding swallow in one patient, although his postoperative swallow evaluation enabled advancement from G-tube dependence to a full liquid diet without further need for the G-tube. Of the two remaining G-tube-dependent patients, one was advanced to a full liquid diet as well, with recommendations to transition off G-tube feeds. These recommendations were made only after undergoing partial epiglottidectomy, suggesting a direct correlation between the surgical intervention and improved oral intake ability. The patient requiring continued G-tube feeds demonstrated limited hyolaryngeal elevation, and was advised to start with sips of liquid with the additional recommendation of swallow therapy. Of the other four patients, one was advanced from a liquid diet to a chewable one. The other three remain on a soft chewable diet (Table VI) . The two patients with considerable nasal (patient 3) and oral (patient 7) backflow preoperatively had resolution of this issue immediately following surgery.
DISCUSSION
The role of the epiglottis in swallowing has long been controversial, and over a century of investigations have not led to a consensus. 14 In early infancy, the epiglottis appears to serve as the primary protector of the upper respiratory tract. 16 However, the literature for adults presents conflicting data.
Ekberg reviewed the MBSSs of 250 consecutive patients with dysphagia and found that 19 of those patients had a totally immobile epiglottis. Sixteen of those patients demonstrated laryngeal penetration, with 12 who developed frank aspiration. 12 Additionally, on a retrospective review of 330 patients who underwent MBSS evaluation, epiglottic dysfunction was described as an independent predictor of aspiration in patients with oropharyngeal dysphagia. 13 Conversely, the experience of supraglottic carcinoma resection suggests that the epiglottis is not necessary to attain a safe and functional swallow in the long term. Motta et al. reviewed their experience with transoral laser excision of supraglottic carcinoma in 124 patients with stages T1 to T3 disease. Fifty-three of these patients underwent nasogastric tube placement for feeding purposes; these were removed in an average of 1 to 2 weeks postoperatively. 17 No patients developed postoperative aspiration. Oeken et al. reported their results with transoral laser supraglottic laryngectomy in 14 patients with supraglottic carcinomas, all of whom underwent either hemi-or complete epiglottidectomy as part of the surgical resection. Although 10 of these patients developed aspiration postoperatively (noted on endoscopy 7-10 days after surgery) leading to percutaneous endoscopic gastrostomy placement, these were all removed after 2 to 9 months of swallowing rehabilitation. 18 Numerous authors have described performing epiglottidectomies to treat benign supraglottic and hypopharyngeal obstruction as well. These have been performed in cases of obstructive sleep apnea, laryngomalacia, and even globus pharyngeus. These patients experienced improvement in their clinical symptoms without compromising deglutition. [19] [20] [21] [22] [23] [24] Finally, Leder et al. reported a case series of three adults who underwent isolated epiglottidectomy from three diverse causes: trauma, surgical resection for a supraglottic cancer, and malignant erosion of the entire epiglottis. The second patient experienced odynophagia related to postoperative edema, but none of the patients had any other abnormalities of swallow, and none developed aspiration pneumonia. The authors concluded that patients can readily adapt to isolated epiglottidectomy and avoid aspiration. 25 Consistent with these findings, postoperative penetration and aspiration were largely unchanged compared to preoperative findings in our series. One patient (patient 4) worsened slightly by developing deeper penetration, although he did not develop aspiration. Another (patient 8) continued to aspirate trace amounts consistently both pre-and postoperatively. Patient 2 was initially noted to aspirate infrequently postoperatively, although use of a head turn and chin tuck maneuver eliminated this risk; this maneuver was not beneficial prior to epiglottidectomy. Two patients (patients 6 and 7) had documented preoperative aspiration pneumonia events. These infections have not recurred as of their latest postoperative follow-up.
Two out of three G-tube-dependent patients were able to fully transition off of tube feeds as a result of partial epiglottidectomy, and the remaining individual was advanced to sips of liquid by mouth in addition to tube feeds. One out of four oral feeders was able to advance to a chewable diet from a liquid one. These results suggest that in some patients, partial epiglottidectomy may allow diet advancement.
The thickened appearance of the radiated epiglottis leads to greater pharyngeal area occupation by the epiglottis, which contributes to bolus obstruction. On average, it occupied nearly double the cross-sectional area of the nonradiated epiglottis in the subjects reviewed in this study. Although two patients had nearly normal diameter ratios, the complete lack of epiglottic motion in these individuals still caused it to become a barrier to normal pharyngeal bolus propulsion. Our impression is that the nondeflecting epiglottis obstructs efficient bolus passage.
Patients who were able to retract their tongue base to the posterior pharyngeal wall were most likely to decrease pharyngeal transit time, whereas those who could not either had no change in or increased pharyngeal transit time. Of the two patients who increased transit time (patients 4 and 7), both had undergone partial tongue base resection in addition to chemoradiotherapy. The one patient whose pharyngeal transit time did not change was the only patient with primary nasopharyngeal carcinoma (patient 3). The objective decrease in pharyngeal transit time in the remaining patients is consistent with their subjective report of increased ease of swallowing. The lesser amounts of vallecular and pyriform residue, in addition to reduction of pharyngeal transit time, are also indicative of increased pharyngeal efficiency. Although we did not assess postoperative mealtime changes in our subjects, our head and neck cancer patients often report greatly extended meal times. This study's findings of reduced time to clear material through the pharynx for some subjects suggest that meal times overall may decrease as a consequence of epiglottidectomy Tongue base retraction in the presence of vallecular residue with an epiglottis that does not deflect leads to retrograde propulsion of the food bolus. This was demonstrated as nasopharyngeal and oral cavity backflow in patients 3 and 7, respectively. Patient 3 initially presented to our office with a primary complaint of nasal regurgitation in addition to dysphagia. Backflow disappeared on the postoperative evaluations of both patients.
Reduction in retrograde bolus propulsion into the nasal and/or oral cavity can lead to social embarrassment. In fact, many irradiated head and neck cancer patients eat alone, due to the perceived social unacceptability of their adaptive maneuvers, prolonged meal times, altered diets, frequent coughing, and possibility of choking or regurgitation (based on personal communications with patients). By decreasing meal times and backflow, increasing efficiency and ease of swallow, and potentially advancing diets-particularly when able to transition off of tube feeds-patients may find it easier to consume meals with family and friends. This may help improve quality of life both in regard to swallowing and socialization.
There is clearly some variability in the swallowing results of these patients. Based on patient characteristics in this very small sample, those with oropharyngeal primary cancers appear to have better swallowing outcomes than those with a nasopharyngeal or unknown primary. Inclusion of the nasopharynx and midline pharyngeal structures in the radiation field likely plays a strong role in the development of inadequate pharyngeal driving force following treatment. Ability to contract the base of tongue to the posterior pharyngeal wall also correlated with higher likelihood of success, whereas history of tongue base resection led to less improvement in swallowing efficiency. Surgical resection of the tongue base, in addition to muscular weakness and fibrosis from chemoradiation, likely leads to a overcoming a bigger challenge in developing pharyngeal driving force compared to the effects of chemoradiation alone.
There are a number of limitations in this study. It comprises a small case series, and the data are reviewed in a retrospective manner and thus suffer from the limitations and biases of the study design. Additionally, the small patient sample was heterogeneous in regard to cancer location and treatment. As a result, statistical analyses could not be performed. In addition, follow-up swallow evaluations are short term, ranging from weeks to months after intervention. However, this is the first report demonstrating the role that the dysfunctional epiglottis may play in dysphagia in this population, as well as the feasibility and utility of partial epiglottidectomy in alleviating dysphagia in patients with epiglottic dysfunction after treatment of head and neck cancer with chemoradiation therapy. It is important to note that none of the patients in this cohort worsened in their swallowing ability or in their ability to protect their airways. A larger, prospective, long-term study can now be designed using the lessons gleaned from these retrospective data based on our initial experiences.
CONCLUSION
Based on this preliminary study, it is clear that the epiglottis plays an important role in dysphagia, particularly in the irradiated head and neck cancer population. As such, partial epiglottidectomy can be considered in some patients with pharyngeal dysphagia following radiotherapy with or without chemotherapy for head and neck cancers. Post-treatment MBSS should be carefully reviewed for bolus obstruction due to epiglottic dysfunction, high levels of vallecular residue, and backflow from the vallecular space to the oral and/or nasal cavities in the setting of adequate tongue base contraction. At this time, we speculate that the best candidates for epiglottidectomy are those patients who are able to retract the base of tongue to the posterior pharyngeal wall. Those with a history of nasopharyngeal carcinoma or resection of the base of tongue appear to improve the least. The time required to clear material through the pharynx and pharyngeal residue decreases postoperatively in this population. This results in greater ease and efficiency of swallowing, with the possibility for diet advancement, including the potential to transition off of tube feeds. Of note, in this study, no patient's swallowing ability worsened as a consequence of epiglottidectomy. Further studies should be done to assess the long-term results of this surgery.
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